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(54) Robot for handling products In a three-dimensional space 



(57) A robot for handling products in a three-dimen- 
sional space is described. The robot comprises a base 
(1) on which three arms (9) are pivotably supported to 
pivote around three pivote axes (3) arranged in a com- 
mon axes plane (4). The three axes form a triangle with 
three corners. Each arm is mounted on a shaft (2) of a 
servo motor (6). All motors (6) are connected to a con- 
troller (8). Three connecting linkages (19) connect the 
free ends of the arms (9) to a carrier (22) which is mov- 
able in space in all three linear dimensions and prevent- 
ed from rotation around all three rotative dimensions. A 
telescopic fourth linkage (43) connects a gripper (30) ro- 
tatably supported on the carrier (22) by two joints (42, 
46) with a fourth serve motor (48) fixed to the base (1). 
In the axes plane (4) the base has an opening (52) 
through which the fourth linkage (43) extends. The up- 
per joint (46) of the fourth linkage (43) is on an opposite 
side of the axes plane (4) than the carrier (22). By this 
measure the range that can be covered by the gripper 
can be substantially increased for a given arm length. 



Fig. 1 
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Description 

Related application 

[0001] This patent application claims priority of EP 
patent application No. 00 1 04 234.0 filed March 1 , 2000, 
the content of which is incorporated herein by reference. 



ofxne < 



Brief description ofTne drawings 

[0005] A preferred embodiment of the invention is 
hereinafter described with reference to the drawings, in 
which 



Fig. 1 



shows a perspective view of a robot, 



Field and background of the invention 

[0002] EP-B 250 470 describes a robot for handling 
products in a three-dimensional space according to the 
preamble of claim 1 . Three arms are pivotably attached 
to a base. The three pivoting axes of the arms are ar- 
ranged in a common plane and form a regular triangle. 
At the free end of each arm a parallelogram linkage is 
affixed which other end is connected to a common car- 
rier. The carrier carries in its center a gripper for handling 
the products. The gripper is joined by a telescopic bar 
with a servo motor for turning it. The upper joint of that 
connection is below the axes plane. 

Summary of the invention 

[0003] The problem which the present invention 
solves is to increase the volume of space which can be 
reached by the gripper relative to the length of the arms 
or conversely to reduce the arm length for the same vol- 
ume covered. This problem is solved by the invention in 
which, briefly stated, a robot for handling products in a 
three-dimensional space is described. The robot com- 
prises a base on which three arms are pivotably sup- 
ported to pivote around three pivote axes arranged in a 
common axes plane. The three axes form a triangle with 
three corners. Each arm is mounted on a shaft. Each 
shaft is connected to a driving unit, e.g. a pneumatic or 
electric motor with or without a gear unit. All driving units 
are connected to a controller. Three connecting linkages 
connect the free ends of the arms to a carrier which is 
movable in space in all three linear dimensions and pre- 
vented from rotation around all three rotative dimen- 
sions. A telescopic fourth linkage connects a gripper ro- 
tatably supported on the carrier by two joints with a 
fourth driving unit fixed to the base. In the axes plane 
the base has an opening through which the fourth link- 
age extends. The upper joint of the fourth linkage is sig- 
nificaily above the axis plane and on an opposite side 
of the axes plane than the carrier. No collision between 
the telescopic linkage and the other linkages can occure 
within the operating range. 

[0004] By this measure the range that can be covered 
by the gripper can be substantially increased for a given 
arm length or the arm length can be reduced for a given 
range. This way eather the range or the speed of the 
robot or both can be increased. Speed is a critical prob- 
lem with handling robots because it is crucial to the pro- 
duction capacity of a manufacturing or packaging line in 
which the robot is used. 



Fig. 2 - 4 show sectional views of details of the 

robot, and 

Fig. 5 and 6 show a further embodiment. 

Detailed description of the preferred embodiment 

[0006] On a common base 1 three shafts 2 are rotat- 
ably supported to pivote around three axes 3 arranged 
in an common plane 4 and forming a regular triangle 
with three corners 5. Each shaft 2 is connected to a ser- 
vo motor 6 and a rotary encoder 7 which are both con- 
nected to a common controller 8. Each shaft 2 carries 
an arm 9. The connection 1 0 of each arm 9 to the shaft 
2 is spaced from a middle point 11 of adjacent corners 
5. The arms 9 are angled with respect to the axes 3 such 
that their free ends 12 are about in the central vertical 
plane of two corners 5. 

[0007] At the free end 12 each arm 9 carries a cross 
bar 1 8 which is parallel to the respective axis 3. The two 
ends of the cross bar 18 are linked by a parallelogram 
linkage 1 9 to a carrier 22. The linkage 1 9 comprises the 
cross bar 1 8, two rods 20 of equal length, a connection 
21 at the lower end to the carrier 22 and four joints 23 
which are preferably ball joints but could also be cardan 
joints. 

[0008] This way the three linkages 1 9 prevent rotation 
of the carrier 22 around axes in all three spacial dimen- 
sions. The carrier 22 can therefore only displace parallel 
to itself in response to movement of the arms 9. The 
controlled rotative movement of the arms 9 around their 
axes 3 is therefore translated into a linear displacement 
of the carrier 22. 

[0009] At it center a gripper shaft 28 is rotatabiy sup- 
ported in the carrier 22 to rotate around an axis 29 which 
is perpendicular to the axes plane 4. A gripper in the 
form of a suction cup 30 is fixed to the shaft 28 below 
the carrier 22. An axial boring 31 in the shaft 28 is con- 
nected to the underside of the cup 30 and to a radial 
boring 34 to a connecting ring 32. The ring 32 is fixed to 
the carrier and has a circumferential groove 33 which 
communicates with the radial boring 34 and with a flex- 
ible transmission line in the form of a tube 35 which is 
fixed to one of the bars 20 and the respective arm 9 and 
connected at its upper end to a pneumatic valve 36. The 
valve 36 is connected, on its pneumatic side, with a vac- 
uum pump 37 and on its electric side with the controller 
8. 

[0010] The upper end of the shaft 28 is connected by 
a cardan joint 42 to a telescopic shaft 43 consisting of 
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two sections, namely an uppefsection 45 and a lower 
section 44. The sections 44, 45 are prismatic pipes or 
cylindrical pipes with non-circular cross section. The 
outside cross section of one of the pipes corresponds 
to the inside cross section of the other pipe so that they 5 
can slide relative to each other longitudinally but are ro- 
tatably fixed relative to each other. At the upper end the 
upper section 45 is connected by a further cardan joint 
46 to the output shaft 47 of a further servo motor 48 and 
a rotary encoder 49. 10 
[0011] As shown in Fig. 3, the motors 6, encoders 7 
and part ot the shafts 2 including their bearings 49 are 
enclosed by a liquid tight housing 50 with a seal 51 
around the shaft 2. For clarity reasons only one of the 
housings 50 is shown in Fig. 1 . In the illustrated embod- 15 
iment the base 1 is a triangular plate arranged parallel 
to and above the axes plane 4. Because of the angled 
arms 9 and the spacing of the connection 10 from the 
middle point 11 the base 1, housings 50 and arms 9 
leave a central open space or opening 52 in the axes 20 
plane 4 which extends at least to the axes 3. The tele- 
scopic shaft 43 extends through that opening 52 and 
through a further central opening 53 in the base 1 itself. 
The cardan joint 46 is above the base 1 and therefore 
also above the axes plane 4. 25 
[0012] Because of the large spacing between the 
cardan joints 42 and 46 the two sections 44, 45 of the 
telescopic shaft 43 are considerably longer than the tel- 
escope of the prior art according to EP-B 250 470. 
Therefore, the volume of space within which the gripper 30 
30 can be manipulated is considerably increased for a 
given length of the arms 9 or, conversely, for a given 
operating range the arm length can be reduced which 
means smaller masses to be accelerated, i.e. higher op- 
erating speed. 35 
[001 3] The telescopic shaft 43 composed of only two 
sections 44, 45 is preferred over a telescopic shaft of 
three or more sections for two reasons: telescopes with 
three sections need stroke limitation means between 
the middle section and each end section which leads to *o 
a complicated design and more mass to be accelerated 
in operation. Three or more section telescopes also 
have a higher rotational backlash. 
[0014] If a high accuracy of the turning angle of the 
gripper is not required the cardan joints 42 and 46 can 
be replaced by short elastomer tubes. In this case the 
pneumatic connection between the valve 36 and the 
suction cup 30 can be led via the telescope shaft 43. 
Instead of the suction cup 30 other handling tools might 
be use, e.g. tongs which may also be actuated pneu- so 
matically via the tube 35 and a pneumatic cylinder on 
the carrier 22. The parallelogram linkage 19 can also be 
replaced by a single bar. In this case the joints at the 
lower and upper end of that bar must be cardan joints. 
[0015] Fig. 4 shows a variant of the embodiment of 55 
Fig. 1 to 3, in which the arm 9 is Y-shaped and has shafts 
2, 54 at both ends 10, 55 of its legs. The shaft 54 is 
supported in a separate bearing 56. In this variant the 



arm 9 could also bev- or U-shaped. The figure shows 
the driving unit and the position feedback unit attached 
to shaft 2. It could also be that this driving unit is attached 
to shaft 54 or that both shafts 2 and 54 are driven with 
an interlinked driving unit. 

[0016] In the embodiment according to Fig. 5 and 6 
both bearings 49, 56 are part of the housing 50, which 
is V-shaped in plan view. The arm 9 is V-shaped and is 
attached to the shafts 2, 54 on the external side of the 
housing 50. A further V-shaped arm 60 is attached to 
the shafts 2, 54 inside the housing 50. At its tip the arm 
60 is connected by a bearing 61 to a rack 62 which 
meshes with a pinion 63 driven by the servo motor 6. 
The plane of the arm 60 is inclined upwardly with respect 
to the plane of the arm 9. A spring loaded roller (not 
shown) forces the rack 62 into contact with the pinion 
63 such that the rack-and-pinion reduction gear is back- 
lash free. 



Claims 

1 . A robotfor handling products in a three-dimensional 
space, comprising 

three arms that are pivotably supported by 
shafts on a common base to pivote around 
three pivot axes arranged in a common axes 
plane, the axes forming a triangle with three 
corners each pivot shaft being connected to a 
first to third driving unit, each driving unit being 
connected to a common controller; 
a connecting first to third linkage connecting a 
free end of each arm to a carrier which is mov- 
able in space in all three linear dimensions and 
prevented from rotation around all three rota- 
tive dimensions; 

a telescopic fourth linkage which at its one end 
is connected by a first joint to a fourth driving 
unit fixed to the base and at its other end by a 
second joint to a gripper rotatably supported in 
the carrier, characterised in that 
in the axes plane the base has an opening 
through which the fourth linkage extends, and 
that the first joint is on an opposite side of the 
axes plane than the carrier. 

2. The robot of claim 1 further comprising a transmis- 
sion line between the base and the gripper for ac- 
tuating the gripper. 

3. The robot of claim 1 in which all joints of the first to 
third linkages are cardan joints. 

4. The robot of claim 1 , wherein the first and second 
joints are cardan joints. 

5. The robot of claim 1 , wherein a cross section of the 
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opening extends at leasfrTOie side lines formed by 
the triangle of the axes. 

6. The robot of claim 1 , wherein a connection of each 
arm to its pivot axis is spaced from a middle point 5 
between adjacent corners of the triangle. 

7. The robot of claim 2, wherein the connecting line 
comprises a pneumatic flexible tube connected to 

a pneumatic valve connected to the controller. io 

8. The robot of claim 7, wherein the gripper comprises 
a suction cup and the pneumatic valve is connected 
to a vacuum source. 



9. The robot of claim 7, wherein both joints of the fourth 
linkage are formed by a flexible tube which can 
transmit rotary motion, and wherein the transmis- 
sion line extends through the fourth linkage. 



1 0. The robot of claim 1 , wherein each first to third driv- 
ing unit and each respective bearing of each re- 
spective shaft is surrounded by a liquid tight hous- 
ing, the housing having a liquid-tight sea! around the 
respective shaft between the respective bearing 25 
and a connection of the shaft with the respective 
arm. 
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